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APPENDIX No. I3.-1891. 



ON OBSERVATIONS FOR THE VARIATIONS OF LATITUHK MADE NEAR 
HONOLULU, OAHU, HAWAIIAN ISLANDS, IN COOPERATION WITH THE 
WORK OF THE INTERNATIONA I. GEODETIC ASSOCIA'l'ION, AND ON DE- 
TERMINATIONS OP GRAVITY AND THE MAGNETIC ELEMENTS. 



A preliminary rnpoi't by E. D. Pbkbtopj, AasiBtant. 
Submitted for publiufttion January 17, 1893. 



This preliminary repoit will include notices of — 
I. The international latitude observations from Juno 6, [891, to Juno fti, 1892. 
II. The measarements ol' the force of gravity on Oahu and Hawaii from June 9, 

1891, to Jaly 25, 1832. 
m. The deteTminatioo of the magnetit elements made ut inteFvuls from August II, 

1891, to September S, 1892. 
IV. Meteorological observations, including bariimntrio detormioation of heigUta of 
Manaa Kaa, from July 1, 1892, to July 37, 1893. 

I. — Observations for the variations of latitude. 

The following are the circumstancea that led to this work: Soine lat- 
itude observations made in Germany, at Berlin and Potsdam, and at 
Prague in Bohemia, showed a progressive yearly cliange in the results. 
As the motion was in the t^ame direction for all three places, it became 
desirable to make a further study of the movement by observing at sta- 
tions differing greatly ill longitude; for if there had been a real motion 
of the pole, the effect ou terrestrial latitudes would be in opposite direc- 
tions on different sides of the earth. In order, therefore, to bring out 
the law of change most advantageously the International Geodetic As- 
sociation took the matter up and propoaetl to send an observer to the 
Hawaiian Islands to make latitude determinations simultaneously with 
those executed in Europe. The difference of longitude of Berlin and 
Honolulu is 11" 25". The United States Government was asked to 
coSperate in order that the result of work, whatever it might be, should 
be checked independently by another observer and another instrument. 
This led to my assignment by the Superintendent of the Coast and Ge- 
odetic Survey, with instructions lor some additional gravity, latitude, 
and magnetic observations daring my stay in the islands. 
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COAST AND GKOnriTIC Sl'RVEY. 



I left, WMNliidKU.ii oil April ].S, ISIM, in i'inii|,;iiiy witii Dr. ^\m■^ 
thfi HiiiDiiOiiii i-o]iri>sfiitiitive<ii' Mif Intoiiiiitiitiial Ikfidetiii AssiHiiai 
arriving iit It.iiiohilii iin f.lio Stliof Miiy. iti ttii; afti'i-Tuion. 11a 
bee.ii directed by tlic Haperinteiidcnt U> observe llie Ti luisil <it' .Mcvc 



iry, 



whieli took iilsire on t,be !)l.li, provided wc uliould ariive in tiiiii', tbc in- 
Hh-iiments wert^ [lassed Mir(Hi;:li tlie ciistoTii-lioiiseoii l.lie diiy of hiiKiinj;-; 
llic siinie eveiiiiij;- tlie sfiilioii was wlet-tcd at Waikiki, 3 iiiiles soutli- 
east lit" Hoiiobijii. and the transit was siiceessrully observwl the follow- 
in;! day.* **'!'" i"'^f orcnpatiini was to elioosc a jiei'maiieiit Kile for 11(6 
astroiKiTnieal work. Alter wevci-al disaiipiiintnients, tlio observalories 
were tiiially located on the ]>io|ieil.y of Mi'. -I. F. Brown, of the (lovem- 
incnt Survey, who geiiei-OHMly gave the iisi; of tlie s''<>uihI dun-is; tlib 
jcar. 

Wiiikiki was iireicried in order to avoid the clouds of Honolulu, as 
my expei'ien(^e tlierc in I88.'f and 1887 sluiwcd that pliice to be very 
nnlJivoriible lor (iontinuous star obsei'vatioiis. There ttcrc uiitTieioris 
unavoidable dehiyH in getting material and workmen, and, as the pro- 
gnimiiie was to begin work as soon after May 1~> as possible, ifc wa.s 
decided to concentrate all llic force on one Ijiiildiiig and letoiie observer 
begin immediately. As I had sevcial inoic insti'uincnts to set up tliau 
my colleague, it was deemed advisable rfbr liini to begin first; si> that 
my observatory was not linislied nutil live days alter liis. He began 
observations on June 1; my lirst ones were Jinide on .lunc ll. I'r.nn 
this date cm, tlie plan of work ailopted was contiiiaoiisly carried out. 
Latitude observations wcie made Iti i-oniieetion witii Dr. Marcuse. 
Time was (h-terniined for llii^ gravily work in the intervals lielween 
pairs of stars, and the iiendiiliiiii was swung during tlie entire evening, 
coueidences being noted at llie beginning and end o)' the niglit's work, 
and whenever. iiiporlunityollcicd during tlic latitude itiid time observa- 
tions. Tliisgivesa deicnnination of gravity cm responding to earli 
latitude determination, and will help to decide the (tneslion wbetber 
the clninge of latitude coiTies from a real motion of tlie pule oi' from 
transfers of large biidics of inattei' und.T tlie surface of the eai'tli. 

From June 0, I8HI, to .Innc 1*."., l8(Hi, there were nmdi- li i.U d.'t.eiini- 
initionsof latitude; observations being mail.' on lil'O iiighls, iis follows: 
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11. — Gravity dktermiwations. 

Before leaving for Honoliiln I suggested to the Superintendpnt' the 
feasibihtyof inalviiifT continuous observations for the force of gravity. 
This was possible without increasing the expense of the work, mid 
such observations were made at Waikiki every night that hitihides 
were observed. We tlius have a series of nearly 2(10 nights of grswity 
determinations exteinling throughout the year. Time stars were 
observed before the first coincidence and after the last one, an<l as 
many observations as possible were made on the xjendulum at intervals 
between the latitude i)airs, so that in all there are not far I'rom 1 (XM) 
measures of the force of gTavity. 

On June 15 the pendulum apparatus was taken down at Waikiki and 
mounted at Honolulu. As 1 dcsirwl to continue the latitude work at 
the former place as long as possible, the zenith t«les<:ope was left 
standing and the latitudes were continued on every clear night while 
preparing the stations in Honolulu. After the pendulum observations 
were in ojteratiou the Waikiki work was still t;arried on whenever pos- 
sible to observe stars. The pendulum was observed during the day at 
Honolulu and stars obtained duiing the early evening. Then the tri]) 
was made to Waikiki (3 miles), and latitude continued until the end of 
the list. 

On June 28 we left for Hawaii, the party consisting of Prof. W, D. 
Alexander, the Surveyor-general, Mr. W, M. Wall. Mr, W, W. Cham- 
berlain, Mr. Louis Koch, and myself. At Waimea the party was joined 
by Mr. J. M, Muir, a volunteer observei, who lemlereil valual)le service 
on the mountain both in triangulation and magnetic wofk. 

The object of this tri|) was the det^i-mi nation of the force of gravity 
at the base and summit of Manna Kea, the highest penk on the islands. 
The elevation is nt^arly 14 000 feet. Other observations were also 
made consisting of latitude, magnetic, meteorological, etc. 

Landing at JCawaihao on the evening of June 29, this station was 
occupied before July 7. Observations were made for hititude, time, 
gravity, and magnetism. 

From this point we passed to the ^aina of Waimea at an elevation 
of2600feet. At this place animals were engaged for thcascentand 
packers hired. While making the necessary arrangements, two stations 
were occupied for magnetic observations. One of these had been 
occupied in 1S72 by the Government Survey f>fflcera and the other was 
a new station at the end of their baseline. This work was done at the 
request of the Surveyor- general. 

On July 12 the party left for Eataieha. The ascent is very gradual. 
The trail winds around the mountain, and after a journey of 35 miles 
we found ourselves at an elevation of 6 700 feet above the sea. From 
tliis votTit to the summit the path is rough and steep. Only 12 miles 
moi'e tiiMi'l were iieressary to overcome the same vertical distance 
H. Ex. 43, pt. 2—31 
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that we had risen in traveling the ri» previous miles. A full series of 
observations was made at Kalaieha, but as tliis point lies juat at the 
begiuning of tlie <;lou(l region tbe greatest difficulty i\"as experienced iii 
getting stars. 

Only live pairs conld be sciMired for latitude au<l the fiiiie determiiia- 
tionaibr gravity are mtiii^r weak. Much of the work was dinw- during rain. 
The objcrt glass was nni^overed long enough to makt^ tlie observation 
whilo the st«,r.was jiassing, and inimediately after a pair was observed 
or after a lialf set for time the telestoi)* was oarried into the teut to be 
wiped juid dried. Owing to tbe gre^t diiliculty of transporting 
baggage, no separate observatory tent was taken and the telescope 
w!w mounted in the open air. 

At this point the party was reinforced by Mr. E. T). Baldwin, of the 
(iovennneut Survey, who \mu\ citme up on the wiiidwai-d side, bringing 
some pank nuilcs and a guide from llilo. 

We began the aseent from Kalaieha on -Inly I!l, with a pack train of 
twenty -two animals and eh'ven men. One of the donkeys that carried 
the inagncfir. instruments and some l.rewood became unruly and ran 
away. As wti were cnvelojied in fog, he found no difticulty in escaping, 
;inil was only recaptured at ■S;ao p. ni., after eight hours' hunting by 
fight, of till' i>;irt.y. This necessarily deferred the trip one day, and 
aLHiUicr sliirt was TLi;idt' at 7:tO the following morning. 

We anived at. Waian. over i;!noO feet elevation, late in the after- 
n(]oii. Almni ha!f llii- |iarly iLiaile the ascent by 3 p. m., but as many 
iif the ^niiniiils vvi'it^ siiHi.'riiig from the rarity of the air and from the 
travel over the rou|.;iL lava, it was impossible to urge them much, ami 
many did not nrri\e initil late: in fact, some did not get up at all, and 
from sheer I'xhanstLOLi refused t/> go beyond about 12 OIHI feet. They 
were nnloailer!, and liieir loailw l;dieu by stronger mnles that ha<l 
alreatly been In ihe top and unloaded. 

A stay of hvc days and six niglits was made at Waian. The ranges 
of teni])eratnre were from 1;!° K at nighi to l«8o at noonday, the ther- 
mometer being in the same position for both readings. 

The pack animals arrived froni below at 11 a. m. of .luly 20, livery 
thing was in readiness, and after two and one-half hours spent in 
parking the mules we started down. On the way we pa.ssed by 
Lilinoe. " here in past times the natives liad established a burial ground 
at an elevation of about IlioOO fret, and farther on we came to Keana 
kakoi (the a.N-make.rs" cave), where before, the introduction of iron a 
quiiiry had been opened tor the production of battle-axes. The eleva 
tion of this point is over 120(10 feet. 

We arrived at Kalaieha the same evening. Two days were jms.-<ed 
here, i^epaeliing the inslrnments and putling the records in order. All 
the luggage was sent down the lee side of the island to Kawaihae, a 
distanee of "lO miles, to be shipped to Ilonolnhi, As it was desired to 
make magnetic observations at Hilo, Mr. Baldwin, Mr. Wall, and 
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myself leffc-the jiarty licie. This couhi lie ilooe without iiuToasing tlm 
time spent on tlici isliiiul,as we wi>ri^ able to take the, same steamer that 
was to pass I'imiid the island aiul load the instriiniciits at Kawaihae. 

[1 1.— MAUNBTIC OBHHUVATUmS. 

The first of tliese were made on AHsitst 11, ISKl, wlmii eiisuRMl in 
tlie latitude observations at Waikiki. The date of o<:f.npation of tliis 
station was chosen so that all the work could go on together. At the 
time mentioned our astrononiical observations extended from 7 p. m. to 
11 p. m.. With ttiest' hours for night work it was possible to make 
inagnetie observations for all three elements during the day and allow 
no break to occui' in the regnlar scries foi' time, latitude, and gravity in 
the evening. 

The Bwrnid stiition was made iit Kaliiiku, on the extreme iiorl h point 
of Oahn. This made it nc^^essary for me to be absent frotn Waikiki 
from November 'Ji to Novenib<T 2!), Leaving Waikiki at 'i a. m. of the 
24tli, the distance tio Waialna wiu* made by .'i p. in,, where lunch was 
taken. In the evening the remainder of the trip was made, an<l we 
arrived at Kalinku at S p. m„ having ridden horseback more tlnni 40 
miles over aditficnlt road. On the tbllowing morning, N'ovembcr li.">, 
observations were begun. They were ci>niplei:cd on the 27th, anil wo 
were back in Honolulu on the evening of the L'Sth. Prof. Alexander 
accompanied me and kindly recorded these observations. 

Honoluln was ocrui)ied on June '2, ;i, and 4, 1892, at the same time 
that the Waikiki work was in progiess. The siibseipient magnetic 
stations, up to the time of the conclusion of the Mauna Kea work, 
were occupied in connection with gravity and latitude observations, 
and have already been des(^ril>ed. 

We arrived at Hilo on the evening of July 'JH, having passed thlrt^Min 
cniise<iutive hours in the saddle. The trail from l\alaieha is 35 miles 
long, and mnch more thau lialf of it is over bare lava of the "aa" and 
"pahoeboe" types. No traveler attempts this trip without carrying 
horseshoeing implcnients, for the lava is of srii-h ii nature that the hoof 
of an unshod horse would be cut tliiough in a few minutes, and noth- 
ing conhl induce the animal in that case to continue the journey. We 
saw the earcasses oC a dozen hor.scs that had been merciiiilly killed <)r 
unmercifully tell, to die i>r stjirvation. 

Cocoanut Island was nccupicd at Flilo from July ."Mi t^ August:!, 
aTid we arrived in Monolulii on August Ii. At the reiiucst of I'rof, 
Alexander, the Surveyor-general of the Kingdom, I lei''^ on the next 
steamer for Kcalakeakna Bay to re-occnpy the magnetic station of 
(Japt. Cook at Xapoojio*). His observations were ma^le more thaTi 
one hundrexl years ago, and were liiiislied Jnst before the outbreak 
which cost the great discoverer his life. On the w ay back to Flonululu 
I stopped three dajs at Lahuina, and made magnetic observatioua 
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where De Freycinet Iiad an observatory in 1819. Hfinniulu was again 
reached on Angnst 27. Two more fitati ms remained to be oceupied, 
and on August 30 we left for Kauai. The work being done at Waimea 
) wp-nt on board the Mikahala. Learning that before returning to 
Honoluhi kIi'. wouhl go to Niihau 1 determined to make the trip and get 
one station on that seldom visited island. This neithitsr increased the 
expense nor delayed my retiirn, as otherwise it would have been neces- 
sary to wait at Waimea until the vessel came back. 

jV, — Meteorological obsbrtations. 

When it was dcisided to occupy the summit of the highest mountain 
in Hawaii, the occasion was taken to verify its height, as determined 
[(revionsly by Vrot. Alexander, To this end barometers were read 
at the four mountain stations, Kawaihae, Waimea, Kalaieha, and 
Waiau. Simultaneously with this, barometric, observations were made 
in Honolulu, and at Hilo and Waimea, on Hawaii. The wet and dry 
bulb thermometers were also read for the relative humidity, and the 
(lirexition and force of the wind, the percentage of clouds, et«., were 
noted. On the summit the mercurial barometer stood at approximately 
lH-;i inches at a temperature of about 54° F. 

On September 14 1 took passage in the steamship Auitralia for San 
Francisco. Arriving on the 2lst, I found orders from the Superin- 
tendent to measure the tbn-e of gravity at tlie Lick Observatory, This 
was done between September 28 and October 2, the time between 
September 22 and 27 being employed in getting the instruments through 
the custom-house and in repairing the pendulum apparatus, which was 
considerably out of order from the experiences on the top of Mauna 
Kca. On Oet^jber 4 I started for Washington and arrived on the 16th. 

In closing, T desire to express my obligations to the Surveyor-general, 
Prof. W. 1>, Alexander. Throughout my entire stay I was the constant 
recipient of protessioual favors. The observatories at Waikiki, the 
meridian mark on Makiki, and the transportation of the heavy outfit 
to the giavity station above the clouds, all bear testimony to his 
generous aid. It is due to the Hawaiian Government Survey to sf;itc 
that flu- j;i'c:itor part of tlic JMauua Kca expcn.ses were borne by iJiat 
Hiircau. 
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The follovfing table gives a summary of the season's wtirk: 
tiummary of observations m the Hawaiian Islands in 189J-9S. 



Honolulu. 
Kawaihae. 



Nov 25-Nov 27 

1802 
Junezt Tuners 
rune ,s-June 27 
June 2.-June 4 
Julj 4 Jul, b 
Julj 3.-Iuly 6 
\i\\ -i Jul* 6 
July i-ful) 



|iir 



jO-July 7 



(uly S 

July 9-July II 

Fuly 7-Jul> 11 

July 14-July IS 

July 14 July 16 

luly .4-|ul> 18 

July 14-ruly 16 

July 13 lulv iS 

July Jl-luly as 

fuly 22-July ii; 

■ ■ I-July 25 

i-July 14 

Jul) jo-Aug 3 

\ug 18-Aug 21 

Aug aj \u^ 25 



In the column " Isiiinber of dclLrininati iib iIik ligures iiidicjte ; 

J'iir liililiiiir — Ihe number of paiii ot stji-. 

/■or gravily — ihe n\im\xt af mleivals eacU «]iiiie one value for the |>eti."i uf uscilladon 
of ihe pendulum 

For limt.—lht number of sets ot starv, each one giving 3. corfeclii>ii [0 (he chron<imeter. 

For mag-Hetic.—Thi: number of detctmi nations of all lliree elements -declination of llie 
needle, the dip and the horizontal intensity, and time and azimuth. 

77ie mfttorologica! ohenmtieris vieie made many times dutinj; the day. The barometer 
B-aa read al the limes of maximum and minimum, at 9 a. m. and 3 and 9 p. m. On the 
summit of Mauna Kea it was read mote ftequcndji. 
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